
Lin et al. Cell Communication and Signaling          (2023) 21:246  
https://doi.org/10.1186/s12964-023-01236-8

REVIEW Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Cell Communication
and Signaling

Extracellular vesicle‑cell adhesion 
molecules in tumours: biofunctions and clinical 
applications
Weikai Lin1,2†, Jianjun Fang1,2†, Shibo Wei1,2†, Guangpeng He1,2, Jiaxing Liu1,2, Xian Li1,2, Xueqiang Peng1,2, 
Dai Li1,2, Shuo Yang1,2, Xinyu Li1,2, Liang Yang1,2* and Hangyu Li1,2* 

Abstract 

Cell adhesion molecule (CAM) is an umbrella term for several families of molecules, including the cadherin family, 
integrin family, selectin family, immunoglobulin superfamily, and some currently unclassified adhesion molecules. 
Extracellular vesicles (EVs) are important information mediators in cell-to-cell communication. Recent evidence 
has confirmed that CAMs transported by EVs interact with recipient cells to influence EV distribution in vivo and regu-
late multiple cellular processes. This review focuses on the loading of CAMs onto EVs, the roles of CAMs in regulat-
ing EV distribution, and the known and possible mechanisms of these actions. Moreover, herein, we summarize 
the impacts of CAMs transported by EVs to the tumour microenvironment (TME) on the malignant behaviour 
of tumour cells (proliferation, metastasis, immune escape, and so on). In addition, from the standpoint of clinical appli-
cations, the significance and challenges of using of EV-CAMs in the diagnosis and therapy of tumours are discussed. 
Finally, considering recent advances in the understanding of EV-CAMs, we outline significant challenges in this field 
that require urgent attention to advance research and promote the clinical applications of EV-CAMs.
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Introduction
Cell adhesion molecules (CAMs) enable cellular adher-
ence and interactions with the extracellular matrix 
(ECM) and other cells [1]. Depending on their struc-
tural characteristics, CAMs can be categorized into the 
cadherin family, integrin (ITG) family, selectin family, 

immunoglobulin superfamily, or a variety of adhesion 
molecule group that have not yet to be classified [2]. 
In addition to facilitating cell attachment, CAMs can 
transport external biochemical [3, 4] and transduce 
biomechanical signals [5, 6] to regulate cellular pro-
cesses, such as cell shape, dynamics, proliferation, dif-
ferentiation, and gene expression [7–11]. Dysregulation 
of CAM-mediated adhesion and signalling is critical 
to the pathogenesis of several illnesses, such as cancer, 
cardiovascular disease, muscular dystrophy, and hae-
matologic disorders [12]. Aberrant expression of CAMs 
has been found in various tumours. CAMs are believed 
to be connected to tumorigenesis, remodelling of 
tumour and ECM cells, and tumour cell migration and 
metastasis, and resistance to anticancer therapy [13–
17]. Increasing evidence suggests that CAMs function 
as cargos of extracellular vesicles (EVs) to participate in 
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information transfer and affect the function of recipient 
cells [18, 19].

EVs are lipid bilayer-structured particles released 
by cells into the extracellular environment [20]. All 
classes of cells can release EVs [21–26]. The presence 
of EVs can be detected in various body fluids, includ-
ing blood [27], breast milk [28], saliva [29], and urine 
[30]. EVs are usually classified into several categories, 
such as exosomes, microvesicles, and apoptotic bodies 
[20, 31, 32]. In this review, we outline the role played by 
CAMs as EV cargos, the in vivo distribution and uptake 
of these EVs and the impact of EV-promoted crosstalk 
among cells in the TME on tumorigenesis and tumour 
progression. In addition, we provide new ideas for 
basic research and clinical applications of EV-CAMs in 
tumour proliferation and metastasis.

Biogenesis of EVs and CAMs loading onto EVs
Biogenesis of EVs
Based on their biogenetic pathways, EVs can be clas-
sified into several main classes, including exosomes, 
microvesicles, and apoptotic bodies.

Biogenesis of exosomes
Exosomes are EVs that have a diameter between 50 and 
150 nm [20]. There are two primary pathways involved 
in the formation of exosomes: the endosomal sorting 
complex required for transport (ESCRT)-dependent 
pathway and the ESCRT-independent pathway [33]. 
Early endosomes, which are formed by invaginated 
plasma membrane budding, gradually mature into late 
endosomes. Subsequently, the inward budding of the 
late endosomal membrane forms intraluminal vesicles 
(ILVs), which are contained within multivesicular bod-
ies (MVBs) [34]. ESCRT-0, ESCRT-I, and ESCRT-II 
help load cargos into the lumen of MVBs by deform-
ing membrane structures and generating budding. 
ESCRT-III is recruited by ESCRT-II to cut bud necks 
and form ILVs in the MVB lumen. Auxiliary proteins 
such as VPS4, Snf7, and ALG-2 interacting protein 
X (ALIX) facilitate this process. In addition, some 
ESCRT-independent pathways controlled by ceramide 
[35], Rab31 [36], ADP ribosylation factor 6 (ARF6) 
and phospholipase D2 (PLD2) [37]. MVBs can be car-
ried to lysosomes for degradation. Alternatively, MVBs 
can transport (mainly controlled by Rab GTPases), 
fuse with the plasma membrane (mainly controlled by 
SNARE complex) and release ILVs into the extracellular 
space, which results in the release of exosomes [33, 34]. 
Details are available in an article by Wollert [38] and a 
review by van Niel [31].

Biogenesis of microvesicles
Microvesicles (MVs) can range in size from 150  nm to 
more than 1,000  nm in diameter [20]. MVs are created 
through plasma membrane budding without the involve-
ment of MVBs. Changes in membrane stress and modi-
fications to membrane curvature contribute to localized 
membrane budding, which is facilitated by ATP-depend-
ent aminophospholipid translocases and Ca2+-depend-
ent scramblases [39]. MV release requires cytoskeleton 
phosphorylation and contraction. The GTPase RhoA is 
an important regulator of this process, causing activation 
of ROCK and LIMK and phosphorylation of cofilin [40].

Biogenesis of apoptotic bodies
Apoptotic bodies constitute the largest subpopulation in 
EVs in terms of volume, with sizes typically ranging from 
1  µm to 5  µm in diameter [20]. Programmed cell death 
creates apoptotic protrusions from the plasma membrane 
that extrude into the cell matrix to form apoptotic bod-
ies [41]. Intracellular cargos are transferred in apoptotic 
cells by microtubules [42]. Moreover, ROCK-I enhances 
membrane budding and apoptotic body release by trig-
gering actin-myosin contraction [43]. Notably, that apop-
totic bodies and MVs are produced through processes 
with some similarities, but the latter are characterized 
by organelle disruption and nuclear genomic fragments, 
while former are not [20].

EVs have been classified into exosomes, microvesicles, 
and apoptotic bodies, among others types, according to 
their different biogenetic pathways. However, identifying 
the pathway of origin of EVs remains very difficult due 
to the difficulty in obtaining a completely single, high-
purity EV of a specific type via techniques and the lack 
of consensus about the specific markers for each EV sub-
type. Therefore, the most recent classification guidelines 
distinguish EVs by physical characteristics (e.g., size) 
[44]. Moreover, the early literature in the EV field lacked 
standardized terms or unified theories, and the origin 
and characterization of EVs were thus not adequately 
described in many studies [45]. Therefore, we use the 
generic term EVs instead of exosomes, microvesicles, and 
apoptotic bodies later in the review to avoid misleading 
readers.

CAMs loaded onto EVs
One significant method of intratumoral communication 
is the dispersion of CAM-loaded tumour-derived EVs 
(TDEs). A few CAMs, including some ITGs and tetras-
panin (Tspan), can be used as markers in EVs according 
to relevant guidelines [44]. However, a large-scale prot-
eomic analysis based on EVs showed significant differ-
ences in ITG expression between EVs of different cell 
origin [46]. This indicates that CAMs, as well as other 
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cargos loaded onto EVs, exhibit significant heterogene-
ity, and only a few CAMs can also be used as markers to 
indicate the origin or function of a particular cell type 
[47]. Galectin-3 (Gal-3) mediates two important steps 
in EV biogenesis: endocytosis and cargo delivery to the 
membrane. After Gal-3 expression was knocked down, 
the number of TDEs carrying CAMs was considerably 
reduced, which then indirectly inhibited tumour cell 
metastasis and colonization [48].

To date, there are profound challenges confounding 
the idea of a uniform mechanism for loading CAMs onto 
various EVs because of the intrinsic heterogeneities of 
EVs, the variety of CAM species and the lack of studies 
on the loading of most CAMs. However, loading mecha-
nisms among different kinds of CAMs, as well as other 
cargos, such as membrane proteins, may be the same [49, 
50]. Some common mechanism can certainly influence 
CAM loading. Knocking down the ALIX gene, which 
promotes ILV formation, led to defects in vesicle release 
and transport, which depend on the MVB pathway, ulti-
mately lowering the number of several types of CAMs 
on EVs [51]. In addition, the amount of CAMs, similar to 
that of other cargos, contributes to the loading process 
[52]. For example, ITG β3 carried by kidney-derived EVs; 
ITG α3 and α6 carried by EVs of colonic and ovarian cell 
origin, respectively; ITG β1 commonly found in benign 
breast EVs, and ITG α2 and ITG α3 carried in malignant 
breast EVs were positively correlated with ITGs carried 
by the EVs and the ITGs expressed by parental cells. This 
finding implied a direct correlation between the amount 
of ITGs in EVs and the amount of protein expressed on 
parental cells [46]. In contrast, under some conditions, 
a strong negative correlation has been found between 
CAM (e.g., ITG αv) expression on the cells and their 
levels on EVs [46]. This indicates the specific loading 
mechanisms for unique CAMs. Another good example is 
that ITG β1 is enriched in ARF6-regulated MVs in cer-
tain cell type but is rarely carried in exosomes [53, 54]. 
In contrast, Imjeti et  al. found that SRC signalling was 
regulated upstream of ARF-6 to promote the loading of 
ITG β1 onto exosomes released from a different parental 
cell type [55]. However, details explaining these loading 
mechanisms are rare. Exploring the specific mechanisms 
of CAM loading onto EVs will greatly facilitate research-
ers’ understanding of intratumoral communication.

EV‑CAMs facilitate EV interact with target cells
EV‑CAMs regulate the distribution of EVs in vivo
EVs show the capability to attach to the extracellular 
matrix and engage with local recipient cells, or alterna-
tively, they can be dispersed via the circulatory system 
and interact with distant cells, tissues, and organs [56, 
57]. The differential spatial distribution of EVs is also 

influenced by the various levels of EV cargos and recep-
tors on various target cells [58]. CAMs on the EV surface 
(which also includes integrins, tetraspanins, etc.) have 
been suggested to affect EV dispersion by mediating EV 
binding to differentially expressed ligands in specific 
cell types or organs [59–61]. For example, EVs carrying 
Tspan8 and ITG β4 preferentially bind to spleen, lung, 
and kidney tissues [60]; EVs expressing ITG α5β1 and 
αVβ3, which interact with fibronectin, exhibit preferen-
tial liver targeting [62]; EVs carrying ITG β3 aggregate in 
the brain [18]; and EVs-packaged ITG α5 targeting bone 
following osteoblast uptake of EVs [63]. During the cir-
culation of EVs in vivo, these CAMs specifically bind to 
resident cells in organs, such as epithelial cells, endothe-
lial cells, and phagocytes, to varying degrees [18, 64, 65]. 
The difference in the affinity of ligands for CAMs on 
receptor cells allows these cells to capture EVs carrying 
specific CAMs, resulting in EVs exhibiting a preference 
for specific tissues or organs. It should be noted that 
the examples provided in this article regarding EVs’ tar-
geting of organs and tissues are not exhaustive. Specific 
accumulations of EVs have also been observed in organs 
such as the gastrointestinal tract and the spine [66, 67]. 
However, it is premature to conclude that EV-CAMs are 
involved in these targeted accumulations in these organs 
at present.

In addition to the positive correlation between the 
expression of CAMs on EVs and the internalization of 
EVs by cells, it has been shown that CAMs are nega-
tive regulators of EV internalization. By inhibiting mac-
rophage and monocyte phagocytosis of EVs, CD47, a 
widely expressed integrin-associated immunoglobulin 
superfamily protein, fine-tunes EV targeting to particu-
lar tissues and is used as a vehicle for drug delivery [68]. 
However, although EVs travel great distances through 
the vascular and lymphatic circulatory systems to affect 
particular tissues, how EVs enter the vascular system 
and travel across the endothelium are significant unad-
dressed problems in the field of EV research due to the 
lack of conclusive mechanistic studies [58]. Our cur-
rent understanding of the mechanisms by which EVs 
pass the endothelial barrier is limited to evidence gath-
ered in studies of the blood‒brain barrier and cannot 
be generalized to EVs movement through the systemic 
circulatory system. However, recent research based on 
CAMs has revealed that circulating tumour cells (CTCs) 
expressing CAMs are particularly effective in transen-
dothelial migration and are capable of metastatic spread 
[7, 69]. Moreover, several CAMs have been associated 
with endothelial cell binding are expressed in similar 
amounts on CTCs and EVs and are crucial for the initi-
ating the same adhesion-based movement patterns of 
cells [70]. Therefore, considering the results of some of 
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these studies, we speculated that the pattern of EVs and 
CTCs crossing the endothelial barrier in vivo and those 
circulating in the blood is the same, i.e., to cross both 
barriers, EVs equally rely on the adhesion of CAMs on 
their surface and that of CTCs to ligands on endothelial 
cells. A recent study by Shima Ghoroghi et  al. supports 
this hypothesis. They found that EVs expressing CD146 
(MCAM) exhibited lung-targeting ability. In contrast, 
when CD146 was expressed at low levels on EVs, few EVs 
attached to the endothelial wall, impairing EV migration 
to the lung [64]. Similarly, CD146 expression is also found 
on the surface of tumour cells and peripheral blood cells, 
and its presence promotes cell extravasation, metasta-
sis, and homing [71–73]. However, despite these find-
ings, questions regarding the precise role of CAMs in EV 
metastasis remain unanswered. For example, it remains 
unclear whether CAM ligands on vascular endothelial 
cells differ in various organs and tissues. Additionally, the 
impact of CAMs on EV infiltration and mobility requires 
further investigation. Addressing these concerns will pro-
vide a more comprehensive understanding of how CAMs 
influence the metastatic behaviour of EVs.

The interaction of EV‑CAMs with recipient cells
The interaction between EVs and receptor cells, which 
allows EVs to transfer proteins, lipids, and RNA cargos to 
cells and thus affect the receptor cell phenotype, is crucial 
to understanding how EVs functions in physiological and 
pathological processes [58]. EVs can fuse with the plasma 
membrane directly or be internalized into the cell when 
they fuse with endosomal membranes via a variety of 
specific and nonspecific pathways, including the clathrin/
caveolin-mediated endocytosis, macropinocytosis, and 
phagocytosis pathways, and lipid raft-regulated uptake 
to transmit information [74]. Integrin is a CAM involved 
in the endocytosis of EVs. The interaction between ITGs 
and ligand proteins can be predicted by differences in the 
C-terminal sequence of an ITG. Heparan sulfate proteo-
glycan (HSPG)-modified proteins on the cell surface play 
roles in the recognition of EVs carrying ITG β3, and these 
EVs promote DYNAMIN-dependent endocytosis, which 
is initiated by FAK-dependent phosphorylation; capture 
of EVs by HSPG-modified proteins and DYNAMIN-
driven endocytosis work in concert to increase uptake 
of ITG β3-expressing EVs [75]. Meanwhile, the inactive 
integrin conformation in EVs can be activated by talin, 
increasing the affinity of the integrin for the ligand [76]. 
Additionally, the efficiency of EV absorption is regu-
lated by the coexpression of tetraspanins, such as CD81 
or Tspan8 in complex with the integrin, on the plasma 
membrane [60, 77]. Moreover, EV absorption has been 
linked to some CAMs that are localized on the EV sur-
face, including CD9, CD11a (a component of lymphocyte 

function-associated antigen-1 (LFA-1)), and several inte-
grin family proteins [18, 78]. However, further research 
is required to fully understand how EV surface ligands 
function because of their intricacy.

In addition to being internalized into recipient cells, 
EVs can transmit messages by attaching to ligands on 
target cells through the action of CAMs. It has been 
reported that the binding of intercellular adhesion mol-
ecule-1 (ICAM-1) on EVs and LFA-1 on T cells is accom-
panied by the interaction of PD-L1 coexpressed on EVs 
with PD-1 on T cells to inhibit T-cell activation and pro-
liferation [79]. To control cellular activity, this method of 
binding frequently necessitates the activation of signal-
ling pathways downstream of ligand binding. In conclu-
sion, understanding the various modes of EV delivery 
adds to our knowledge of intercellular signalling (Fig. 1).

The role of EV‑CAMs in the tumour microenvironment
Tumorigenesis and proliferation are not solely driven by 
genetic and epigenetic alterations within tumour cells. 
Researchers, including Hanahan and Weinberg, have 
shown that these processes are also influenced by the 
acquisition of several hallmarks of tumour cells in the 
TME [80–82]. The TME comprises various cell types, 
vascular and lymphatic networks, extracellular matrix, 
and biomolecules, influencing tumour growth, inva-
sion, and metastasis [81, 83]. In addition to influencing 
EV movement and absorption in vivo, CAM functions as 
cargo carried by EVs and exhibits the ability to activate 
signalling pathways that exert a significant impact on the 
TME and modulate tumour cell activity. For example, EV-
CAMs function a modulator of immune cells, regulating 
the activity, function and differentiation state of immune 
cells to influence tumour development and immune 
escape [84]. In addition, EV-CAMs derived from tumour 
cells or tumour-associated cells in the TME mediate 
various biological functions, including but not limited to 
promoting angiogenesis, ECM remodelling, the epithe-
lial-mesenchymal transition (EMT), and the formation 
of premetastatic niches (PMNs) [18, 85–87]. To encour-
age tumour invasion and metastasis, several systems 
function together [18, 79, 85–88]. The intricate relation-
ship between EV-CAMs and the TME is reviewed in this 
article, and representative not all-inclusive instances are 
described (Fig. 2, Table 1).

TME alterations are regulated by tumour-derived 
EVs, which communicate with autologous cancer cells 
or stromal cells to influence tumour progression. CAMs 
transported by EVs are involved in a variety of biologi-
cal processes, including angiogenesis, immune activation 
and suppression, the epithelial-mesenchymal transition, 
and ECM remodelling. The factors that cause tumour cell 
invasiveness, sustained proliferation, and drug resistance 
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can be transmitted between different tumour cell sub-
populations via EVs. Moreover, CAMs transported by 
EVs are important determinants of PMN location and 
regulate their formation. Multiple mechanisms function 
in concert to promote tumour proliferation, invasion, 
and metastasis.

Angiogenesis
A crucial step in tumour progression is angiogenesis, 
through which tumours obtain O2 and nutrient support 
while expelling CO2 and metabolic waste [81]. Angiogen-
esis involves the proliferation and migration of endothe-
lial cells, extracellular matrix remodelling, and the 
development of angiogenic tubes [106]. Recent research 
has indicated that the actions of EV-CAMs modifies 
endothelial cell function and promotes angiogenesis in 
malignancies. Chan’s team discovered that EVs derived 

from nasopharyngeal carcinoma (NPC) cells exhibited 
high levels of ICAM-1 and CD44 variant 5 (CD44v5) 
expression. These EVs exerted an effect on several signal-
ling pathways, including the src kinase, ERK1/2 kinase, 
and endothelial nitric oxide synthase (eNOS) pathways, 
which are related to endothelial cell adhesion, migra-
tion, and proliferation and ultimately drove endothelial 
cell angiogenesis [85]. Similarly, another study showed 
that integrin αvβ6 in prostate cancer (PrCa)-derived 
EVs drove vascular endothelial cell migration to initiate 
the angiogenic programme after being internalized into 
recipient cells. These EVs also drove the downregulation 
of pSTAT1 and the activation of TGF-β1, blocking the 
STAT1 signalling pathway to promote angiogenesis [98]. 
In the future, targeting proangiogenic EV-CAMs in a new 
treatment approach to solid tumours may be possible 

Fig. 1  EVs carrying CAMs from parental cells to recipient cells. (1) CAMs transported by EVs; (2) released EVs can deliver information 
after internalization, fusion with the cell membrane, or binding to receptors on the surface of recipient cells; (3) the biogenesis and release of EVs 
into the circulatory system in vivo; and (4) EVs can interact with specific organs and cells
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because EV-CAMs can drive angiogenesis, which is a 
hallmark of tumours.

Immunity
EV-CAMs are of great importance to the maintenance of 
the immune network. During antigen recognition, pep-
tide-MHC presented after antigen-presenting cell (APC) 
uptake is needed to activate naive T cells, and it is facili-
tated by EV delivery when APCs do not directly engage 
T cells [107]; this process also requires coexpression of 
ICAM-1 and B7-1 (CD80)/B7-2 (CD86) on EVs [108, 
109]. These proteins are members of the immunoglobulin 
superfamily; ICAM-1 is critical for cell adhesion to LFA-
1, while CD80/86 attaches to CD28 on T cells to induce a 
developmental secondary signal, which is crucial for the 
activation of naive T cells. However, in studying this pro-
cess, researchers frequently focus on the APCs that can 
deliver EVs to T cells while ignoring the presentation of 
the substances between APCs and T cells, which is actu-
ally a bidirectional process. For instance, integrin LFA-
1-containing EVs produced by T cells can be recruited 
to dendritic cells (DCs). These EVs induce apoptosis in 

DCs via the Fas/FasL pathway to mediate T-cell regula-
tion of DC immune function [110, 111]. The transmission 
of these immunological signals is crucial for the develop-
ment and maintenance of antitumour immunity.

Immune escape is a crucial characteristics of malignan-
cies [81]. According to studies performed thus far, EV-
CAMs delivery between tumour cells and immune cells 
contributes to the formation of an immunosuppressive 
TME that promotes tumour growth. Programmed cell 
death-ligand 1 (PD-L1) is not only expressed on the cell 
surface but can also be loaded onto EVs under the regula-
tory action of ALIX [51]. Recently, Zhang et  al. discov-
ered that ICAM-1 and PD-L1 were coexpressed on TDEs, 
and the expression of both proteins was upregulated 
by IFN-γ. ICAM-1 is a positive regulatory protein that 
mediates the involvement of PD-L1 on immunosuppres-
sive TDEs, which is important because the interaction 
between PD-L1 and PD-1 is weak, and the high affinity 
of ICAM-1 for the ligand LFA-1 triggers effective EV–
cell contact [79]. Recent studies have shown that PD-L1, 
when in contact with the ligand programmed death pro-
tein-1 (PD-1), induces the expression of interleukin 10 

Fig. 2  Signal exchange in TME via CAMs transported by EVs



Page 7 of 20Lin et al. Cell Communication and Signaling          (2023) 21:246 	

Ta
bl

e 
1 

Fu
nc

tio
ns

 o
f C

A
M

s 
ca

rr
ie

d 
by

 E
Vs

 in
 th

e 
tu

m
ou

r m
ic

ro
en

vi
ro

nm
en

t

CA
M

 fa
m

ily
 m

em
be

r
In

tr
od

uc
tio

n
CA

M
s 

ca
rr

ie
d 

by
 E

Vs
D

on
or

 c
el

ls
Re

ci
pi

en
t c

el
ls

Fu
nc

tio
ns

 in
 T

M
E

Re
fe

re
nc

e

Th
e 

im
m

un
og

lo
bu

lin
 s

up
er

-
fa

m
ily

Th
e 

im
m

un
og

lo
bu

lin
 s

up
er

-
fa

m
ily

 (I
gS

F)
 is

 o
ne

 o
f t

he
 la

rg
-

es
t a

nd
 m

os
t d

iv
er

se
 fa

m
ili

es
 

of
 p

ro
te

in
s. 

Th
e 

co
m

m
on

 
fe

at
ur

e 
of

 Ig
SF

 m
em

be
rs

 
is

 a
n 

im
m

un
og

lo
bu

lin
 d

om
ai

n,
 

an
d 

m
os

t m
em

be
rs

 a
re

 T
yp

e 
I t

ra
ns

m
em

br
an

e 
pr

ot
ei

ns
 

w
ith

 e
xt

ra
ce

llu
la

r d
om

ai
ns

 
(c

ar
ry

in
g 

Ig
 d

om
ai

ns
), 

tr
an

s-
m

em
br

an
e 

do
m

ai
ns

 a
nd

 c
yt

o-
pl

as
m

ic
 ta

ils

IC
A

M
-1

N
as

op
ha

ry
ng

ea
l c

ar
ci

no
m

a 
ce

lls
En

do
th

el
ia

l c
el

ls
En

ha
nc

es
 a

ng
io

ge
ni

c 
ca

pa
bi

l-
ity

 b
y 

al
te

rin
g 

si
gn

al
lin

g 
pa

th
-

w
ay

s, 
in

cl
ud

in
g 

th
e 

sr
c 

ki
na

se
, 

ER
K1

/2
 k

in
as

e,
 a

nd
 e

N
O

S 
pa

th
w

ay
s, 

in
 e

nd
ot

he
lia

l c
el

ls

[8
5]

PD
-L

1
M

el
an

om
a 

ce
lls

, l
un

g 
ca

nc
er

 
ce

lls
 a

nd
 c

ol
on

 c
an

ce
r c

el
ls

T 
ce

lls
Re

cr
ui

ts
 S

H
P2

 to
 in

hi
bi

t 
th

e 
do

w
ns

tr
ea

m
 tr

an
sd

uc
tio

n 
pa

th
w

ay
 tr

ig
ge

re
d 

by
 a

 T
C

R 
an

d 
le

ad
s 

to
 T

-c
el

l d
ys

fu
nc

tio
n

[8
9]

Br
ea

st
 c

an
ce

r c
el

ls
M

on
oc

yt
es

In
hi

bi
ts

 s
er

in
e-

th
re

on
in

e 
ki

na
se

 A
KT

/m
TO

R 
si

gn
al

lin
g 

in
 m

ac
ro

ph
ag

es
, m

ed
ia

tin
g 

m
ac

ro
ph

ag
e 

di
ffe

re
nt

ia
tio

n 
to

w
ar

ds
 th

e 
M

2 
ph

en
ot

yp
e

[9
0]

G
lio

bl
as

to
m

a 
st

em
 c

el
l

G
lio

bl
as

to
m

a 
ce

lls
A

ct
iv

at
es

 th
e 

A
M

PK
/U

LK
1 

si
gn

al
in

g 
ca

sc
ad

e 
to

 in
du

ce
 

pr
ot

ec
tiv

e 
au

to
ph

ag
y,

 re
su

lt-
in

g 
in

 d
ru

g 
re

si
st

an
ce

[9
1]

M
ye

lo
id

-d
er

iv
ed

 s
up

pr
es

so
r 

ce
lls

T 
ce

ll
Su

pp
re

ss
es

 th
e 

an
tit

um
ou

r 
im

m
un

e 
re

sp
on

se
 o

f C
D

8+
 

T 
ce

lls

[9
2]

EM
M

PR
IN

Pe
rit

on
ea

l m
es

ot
he

lia
l c

el
ls

G
as

tr
ic

 c
an

ce
r c

el
ls

Re
gu

la
te

s 
M

M
P 

re
le

as
e 

th
ro

ug
h 

th
e 

ER
K1

/2
 a

nd
 P

I3
K 

si
gn

al
lin

g 
pa

th
w

ay
s

[8
6]

Lu
ng

 c
ar

ci
no

m
a 

ce
lls

, b
re

as
t 

ca
nc

er
 c

el
ls

Fi
br

ob
la

st
s

Pr
om

ot
es

 th
e 

pr
od

uc
tio

n 
of

 M
M

P
[9

3,
 9

4]

Br
ea

st
 c

an
ce

r c
el

ls
Br

ea
st

 c
an

ce
r c

el
ls

In
cr

ea
se

s 
ce

ll 
in

va
si

on
 

by
 a

ct
iv

at
in

g 
th

e 
p3

8/
M

A
PK

 
si

gn
al

lin
g 

ca
sc

ad
e

[9
5]



Page 8 of 20Lin et al. Cell Communication and Signaling          (2023) 21:246 

Ta
bl

e 
1 

(c
on

tin
ue

d)

CA
M

 fa
m

ily
 m

em
be

r
In

tr
od

uc
tio

n
CA

M
s 

ca
rr

ie
d 

by
 E

Vs
D

on
or

 c
el

ls
Re

ci
pi

en
t c

el
ls

Fu
nc

tio
ns

 in
 T

M
E

Re
fe

re
nc

e

Th
e 

in
te

gr
in

 fa
m

ily
In

te
gr

in
s 

ar
e 

he
te

ro
di

m
er

s 
co

ns
is

tin
g 

of
 tw

o 
su

bu
ni

ts
, 

th
e 

al
ph

a 
an

d 
be

ta
 s

ub
un

its
. 

Th
es

e 
su

bu
ni

ts
 e

ac
h 

ha
rb

ou
r 

tr
an

sm
em

br
an

e 
st

ru
ct

ur
es

 
an

d 
ex

tr
ac

el
lu

la
r s

tr
uc

tu
ra

l 
do

m
ai

ns
. t

he
 c

om
bi

na
to

ria
l 

di
ve

rs
ity

 o
f t

he
 1

8 
al

ph
a 

an
d 

8 
be

ta
 s

ub
un

its
 re

su
lts

 in
 m

ul
-

tip
le

 is
of

or
m

s 
in

 th
e 

in
te

gr
in

 
fa

m
ily

 a
nd

 c
on

fe
rs

 s
pe

ci
fic

 
bi

nd
in

g 
affi

ni
ty

 fo
r d

iff
er

en
t 

lig
an

ds

IT
G

 α
Vβ

3
Pr

os
ta

te
 c

an
ce

r c
el

ls
Pr

os
ta

te
 c

an
ce

r c
el

ls
In

du
ce

s 
th

e 
di

ffe
re

nt
ia

tio
n 

of
 re

ce
pt

or
 c

el
ls

 in
to

 n
eu

ro
en

-
do

cr
in

e 
N

EP
rC

a 
ce

lls

[9
6]

M
2-

lik
e 

m
ac

ro
ph

ag
e

N
on

-s
m

al
l c

el
l l

un
g 

ca
nc

er
A

ct
iv

at
es

 th
e 

FA
K/

p-
FA

K 
si

gn
al

lin
g 

pa
th

w
ay

 to
 p

ro
m

ot
e 

th
e 

pr
og

re
ss

io
n 

tu
m

ou
r c

el
ls

[9
7]

IT
G

 α
Vβ

6
Pr

os
ta

te
 c

an
ce

r c
el

ls
En

do
th

el
ia

l c
el

ls
D

riv
es

 v
as

cu
la

r e
nd

ot
he

lia
l c

el
l 

m
ig

ra
tio

n 
to

 in
iti

at
e 

th
e 

an
gi

o-
ge

ni
c 

pr
og

ra
m

m
e

[9
8]

Pr
os

ta
te

 c
an

ce
r c

el
ls

M
on

oc
yt

es
Pr

om
ot

es
 m

on
oc

yt
e 

M
2 

po
la

riz
at

io
n

[9
9]

IT
G

 α
Vβ

5
Pa

nc
re

at
ic

 c
an

ce
r c

el
ls

Li
ve

r K
up

ffe
r c

el
ls

A
ct

iv
at

es
 th

e 
ex

pr
es

si
on

 
of

 S
10

0P
 a

nd
 S

10
0A

8 
to

 p
ro

-
m

ot
e 

th
e 

fo
rm

at
io

n 
of

 a
 li

ve
r 

pr
em

et
as

ta
tic

 n
ic

he

[1
8]

IT
G

 β
4

Tr
ip

le
-n

eg
at

iv
e 

br
ea

st
 c

an
ce

r
Ca

nc
er

-a
ss

oc
ia

te
d 

fib
ro

bl
as

ts
Tr

ig
ge

rs
 g

ly
co

ly
si

s 
in

 C
A

Fs
[1

00
]

IT
G

 α
5β

1
Ca

nc
er

-a
ss

oc
ia

te
d 

fib
ro

bl
as

ts
Pa

nc
re

at
ic

 c
an

ce
r c

el
ls

Su
pp

or
ts

 th
e 

su
rv

iv
al

 
of

 tu
m

ou
r c

el
ls

 b
y 

ac
tiv

at
in

g 
th

e 
N

et
G

 1
/N

G
L-

1 
ax

is

[1
01

]

IT
G

 α
6β

1
Br

ea
st

 c
an

ce
r c

el
ls

Lu
ng

 fi
br

ob
la

st
s 

an
d 

ep
ith

el
ia

l 
ce

lls
A

ct
iv

at
es

 th
e 

ex
pr

es
si

on
 

of
 S

10
0 

to
 p

ro
m

ot
e 

th
e 

fo
rm

a-
tio

n 
of

 a
 lu

ng
 p

re
m

et
as

ta
tic

 
ni

ch
e

[1
8]

IT
G

 α
6β

4
Br

ea
st

 c
an

ce
r c

el
ls

Lu
ng

 fi
br

ob
la

st
s 

an
d 

ep
ith

el
ia

l 
ce

lls
A

ct
iv

at
es

 th
e 

ex
pr

es
si

on
 

of
 S

10
0 

to
 p

ro
m

ot
e 

th
e 

fo
rm

a-
tio

n 
of

 a
 lu

ng
 p

re
m

et
as

ta
tic

 
ni

ch
e

[1
8]

IT
G

 α
2β

1
Sa

liv
ar

y 
ad

en
oi

d 
cy

st
ic

 c
ar

ci
-

no
m

a-
as

so
ci

at
ed

 fi
br

ob
la

st
s

Lu
ng

 fi
br

ob
la

st
s

In
du

ce
s 

th
e 

ex
pr

es
si

on
 

of
 p

ho
sp

ho
ry

la
te

d 
Sm

ad
3 

an
d 

PO
ST

N
 to

 p
ro

m
ot

e 
th

e 
fo

rm
at

io
n 

of
 a

 lu
ng

 p
re

m
-

et
as

ta
tic

 n
ic

he

[1
02

]



Page 9 of 20Lin et al. Cell Communication and Signaling          (2023) 21:246 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

CA
M

 fa
m

ily
 m

em
be

r
In

tr
od

uc
tio

n
CA

M
s 

ca
rr

ie
d 

by
 E

Vs
D

on
or

 c
el

ls
Re

ci
pi

en
t c

el
ls

Fu
nc

tio
ns

 in
 T

M
E

Re
fe

re
nc

e

Th
e 

ca
dh

er
in

 fa
m

ily
Ca

dh
er

in
 is

 n
am

ed
 

be
ca

us
e 

of
 it

s 
de

pe
nd

en
ce

 
on

 c
al

ci
um

 io
ns

 (C
a2+

) f
or

 it
s 

ac
tio

n.
 T

he
re

 a
re

 s
ev

er
al

 
su

bt
yp

es
, i

nc
lu

di
ng

 c
la

ss
ic

al
 

ca
dh

er
in

 ty
pe

 I 
pr

ot
ei

ns
 (e

.g
., 

E-
ca

dh
er

in
, N

-c
ad

he
rin

, e
tc

.) 
an

d 
cl

as
si

ca
l c

ad
he

rin
 ty

pe
 

II 
pr

ot
ei

ns
 (e

.g
., 

de
sm

os
om

al
 

ca
dh

er
in

, V
E-

ca
dh

er
in

 a
nd

 p
ro

-
to

ca
dh

er
in

, e
tc

.).
 A

lm
os

t a
ll 

ca
dh

er
in

 a
re

 tr
an

sm
em

br
an

e 
pr

ot
ei

ns
 c

on
si

st
in

g 
of

 th
re

e 
co

m
po

ne
nt

s, 
na

m
el

y,
 a

n 
ex

tr
a-

ce
llu

la
r c

ad
he

rin
 d

om
ai

n,
 

a 
si

ng
le

-t
ra

ns
m

em
br

an
e 

do
m

ai
n 

an
d 

a 
cy

to
pl

as
m

ic
 

do
m

ai
n

E-
ca

dh
er

in
O

va
ria

n 
ca

nc
er

 c
el

ls
En

do
th

el
ia

l c
el

ls
D

im
er

iz
es

 w
ith

 V
E-

ca
d-

he
rin

 o
n 

en
do

th
el

ia
l c

el
ls

 
an

d 
tr

an
sd

uc
es

 th
e 

ac
tiv

a-
tio

n 
of

 β
-c

at
en

in
 a

nd
 N

F-
κB

 
si

gn
al

lin
g

[1
03

]

O
th

er
 C

A
M

s
Pl

ay
 a

 ro
le

 in
 c

el
l a

dh
es

io
n

C
D

44
v5

N
as

op
ha

ry
ng

ea
l c

ar
ci

no
m

a 
ce

lls
En

do
th

el
ia

l c
el

ls
St

im
ul

at
es

 a
ng

io
ge

n-
es

is
 b

y 
pr

om
ot

in
g 

th
e 

pr
o-

lif
er

at
io

n 
an

d 
m

ig
ra

tio
n 

of
 e

nd
ot

he
lia

l c
el

ls
 a

s 
w

el
l 

as
 c

on
tr

ol
lin

g 
th

e 
ad

he
si

on
 

be
tw

ee
n 

en
do

th
el

ia
l c

el
ls

 
an

d 
th

e 
ex

tr
ac

el
lu

la
r m

at
rix

[8
5,

 1
04

]

C
D

44
v6

Pa
nc

re
at

ic
 c

an
ce

r c
el

ls
Pa

nc
re

at
ic

 c
an

ce
r c

el
ls

A
ct

iv
at

es
 th

e 
W

nt
, N

O
TC

H
, 

an
d 

N
an

og
 s

ig
na

lli
ng

 p
at

h-
w

ay
s 

to
 m

ed
ia

te
 th

e 
EM

T

[1
05

]

A
ct

iv
at

es
 G

PC
R,

 R
TK

, M
A

PK
 

pa
th

w
ay

 to
 p

ro
m

ot
e 

tu
m

ou
r 

pr
ol

ife
ra

tio
n

Pr
om

ot
es

 th
e 

ov
er

ex
pr

es
si

on
 

of
 a

n 
A

BC
 d

ru
g 

tr
an

sp
or

te
r 

pr
ot

ei
n,

 c
on

fe
rr

in
g 

dr
ug

 re
si

st
-

an
ce

 o
n 

tu
m

ou
r c

el
ls

C
D

44
Ep

ith
el

ia
l o

va
ria

n 
ca

nc
er

 c
el

ls
Pe

rit
on

ea
l m

es
ot

he
lia

l c
el

ls
Pr

om
ot

es
 th

e 
EM

T
[8

7]

Pr
om

ot
es

 M
M

P9
 s

ec
re

tio
n

O
va

ria
n 

ca
nc

er
 c

el
ls

O
va

ria
n 

ca
nc

er
 c

el
ls

Re
pr

og
ra

m
m

es
 le

ss
-a

gg
re

ss
iv

e 
ca

nc
er

 c
el

ls
 in

to
 m

or
e 

ag
gr

es
-

si
ve

 c
an

ce
r c

el
ls

[8
8]



Page 10 of 20Lin et al. Cell Communication and Signaling          (2023) 21:246 

(IL-10), a suppressive immune response regulator [112], 
as well as the aggregation of PD-1 with the T-cell recep-
tor (TCR), which recruits Src homology 2 domain-con-
taining tyrosine phosphatase 2 (SHP2), inhibiting the 
downstream transduction pathway activated by the TCR 
and leading to T-cell dysfunction [89]. This outcome is 
particularly notable when activated CD8+ T cells are 
involved because these cells secrete IFN-γ to inversely 
regulate the expression of ICAM-1 and PD-L1 on TDEs 
[79], which is a reason for that TDEs can recognize and 
block the killing effect of activated CD8+ T cells. Addi-
tionally, the binding of ICAM-1 in EVs to T cells inhibits 
T-cell migration and aggregation mediated by the LFA-1 
and ICAM-1 interactions between T cells and endothe-
lial cells [113]. Future studies are required to gain a bet-
ter understanding of EV-CAMs function because of 
the intricate mechanisms involved in immune modula-
tion mediated by EV-CAMs. These studies will not only 
increase our knowledge of the immunosuppressive TME 
but also help in the development new targets for tumour 
immunotherapy.

In addition to suppressing the ability of immune cells 
to kill tumours, EV-CAMs promote the phenotypic 
polarization of immune cells towards a protumorigenic 
phenotype, which contributes to the generation of an 
immunosuppressive TME. For instance, Lu et al. demon-
strated that ITG αvβ6 expressed on TDEs and transferred 
to monocytes suppressed the expression of STAT1 and 
MX1/2 in the monocytes, enabling them to differentiate 
towards the tumour-promoting M2 phenotype not the 
M1 phenotype [99]. In addition, Li et al. discovered that 
tumour-derived PD-L1+ EVs inhibited serine-threonine 
kinase AKT/mammalian target of rapamycin (mTOR) 
signalling on macrophages, mediating macrophage dif-
ferentiation towards the M2 phenotype to accelerate 
triple-negative breast cancer progression [90]. The afore-
mentioned data indicate that the mechanisms underly-
ing tumour immunity are complex, and the same CAMs 
loaded onto EVs may regulate the immune functions 
of different immune cells. To understand the intricate 
tumour immune network, further research is needed.

Tumour cell invasion and metastasis

The epithelial–mesenchymal transition  The EMT is a 
cell biological programme that regulates how aggressive 
tumour cells behave around the edges of solid tumours 
[82]. Epithelial cells lose their characteristic apical-basal 
polarity, actin cytoskeletal arrangement, intercellular 
adhesion junction, and other structures and functions 
during EMT, resulting in a more migratory and invasive 
mesenchymal cell phenotype. [114–116]. We believe 

that TDEs carrying CAMs are among of the triggers that 
initiate the EMT in the TME. The results of an analysis 
of EMT markers and cell morphology showed that epi-
thelial ovarian cancer (EOC)-derived EVs promoted 
the EMT independent of TGFβ signalling by transfer-
ring CD44+ EVs to human peritoneal mesothelial cells 
(HPMCs) [87]. However, TGFβ has frequently been 
considered a key factor involved in the EMT in various 
studies [117]. Moreover, Wang et al. also found that the 
CD44v6+EV-mediated EMT was associated with signal-
ling stimulation of the Wnt, NOTCH, and Nanog path-
ways [105]. Notably, CD44+ EVs facilitate the develop-
ment of the EMT, and conversely, the EMT can boost 
the secretion of CD44+ EVs by primary mesothelial cells 
[118]. However, whether this mutual promotion of the 
EMT and EV release is synergistic or whether it is a result 
of a positive feedback loop that affects tumour progres-
sion remains unclear.

Extracellular matrix remodelling  The ECM is a three-
dimensional noncellular structure that is in intimate con-
tact with cells and not only supports a tissue structur-
ally but also harbours components that interact with cell 
ligands to mediate regulatory signalling [119]. In addi-
tion, the ECM is a highly dynamic structure that is con-
tinually changing. The interaction of cancer cells with the 
ECM in tumours alters the original biochemical, struc-
tural, and biomechanical properties of the ECM, facilitat-
ing tumour growth, invasion, and metastasis [119, 120].
According to recent research, EV-CAMs can trigger 
the release of matrix metalloproteinase (MMP), which 
degrades different ECM protein fractions, disrupting 
the histological barriers that prevent tumour spread. 
Extracellular matrix metalloproteinase inducer (EMM-
PRIN) can be expressed in mesothelial cells (MCs) in 
the TME, and can be delivered via EVs that are taken 
up by tumour cells after binding to EMMPRIN recep-
tors on cancer cell membranes, thereby regulating MMP 
release in the cancer cells through the ERK1/2 and PI3K 
signalling pathways [86]. Similarly, tumour cells can 
release EVs expressing EMMPRIN, which promotes the 
production of MMP in adjacent fibroblasts [86, 93, 94]. 
The release of stored growth factors due to ECM degra-
dation caused by MMPs activates intracellular signalling 
and contributes to tumour cell invasion [121]. Therefore, 
it is believed that EMMPRIN expression on the surface 
of tumour cells is linked to an aggressive cancer pheno-
type. In addition, CD44 is also a CAM-enriched TDEs 
[88]. Nakamura et  al. discovered that ovarian cancer-
derived EVs transfer CD44 into HPMCs, induce HPMC 
reprogramming, and promote the secretion of MMP9 to 
remodel the ECM [87].
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In addition to the direct regulatory aforementioned 
effects of CAMs, CAMs carried by EVs can also facilitate 
the regulatory effects of other non-CAM biomolecules 
carried by EVs on receptor cells because of the adhe-
sion mediated by CAMs, which can bind to many pro-
tein ligands in the ECM. Wei Mu et al. found that CAMs 
transported by pancreatic cancer-derived EVs with 
high affinity for the ECM effectively enhanced the abil-
ity of proteases carried by EVs, such as MMP7, MMP9, 
and ADAM17, to promote degradation of the ECM and 
procollagen maturation [122]. Additionally, the binding 
and uptake of these TDEs stimulate the release of ECM 
chemokines, which induce the proliferation and anti-
apoptotic transformation of stromal cells. This outcome 
promotes the recruitment of endothelial cells and the 
development of myofibroblasts, which increase the inva-
siveness of these endothelial cells and fibroblasts in the 
TME [122]. Along with contributing to the loss of ECM 
suitability as a histological barrier, EV-CAMs participate 
in remodelling the ECM to release cellular molecules that 
can be used to control the activity of tumour cells and 
thus modulate tumour cell activity. Tumour cell motility 
and invasiveness are supported by the combined effects 
of changes in the ECM and tumour cells.

EV‑CAMs promote tumour premetastatic niches develop‑
ment  One of the main causes of death in people with 
tumours is the metastatic progression of the tumours 
[123]. The traditional "seed-and-soil" theory, put forth 
by Stephen Paget in 1889, states that a proper microenvi-
ronment is the "soil" for the growth of tumour cells [124]. 
The initial "seed-and-soil" theory was later supported by 
researchers who proposed the concept of a PMN [125]; 
this theory suggests that tumour cells secrete signal-
ling factors prior to metastasizing, targeting distant tis-
sue sites in other organs that then undergo a sequence 
of changes to produce an ecological niche that permits 
tumour growth. According to recent studies, certain 
tumour cells may preferentially metastasize to a particu-
lar organ, not metastasize in a random way [123].
Studies have shown that TDEs are important mediators, 
playing dual roles for determining the location of PMN 
formation and regulating the formation process (regula-
tion of vascular leakiness, recruitment of bone marrow-
derived myeloid cells, etc.) [18, 126]. Studies have shown 
that through both roles, TDEs rely on CAMs. By analys-
ing the TDE proteome of several tumour models, Hoshino 
et al. identified integrins as the most representative CAM 
family that displayed organ-specific metastatic tenden-
cies and showed elevated the expression of S100 genes in 
target cells to promote PMN formation [18]. Specifically, 

pancreatic cancer-derived EVs carrying ITG αvβ5 pref-
erentially attached to Kupffer cells, showed regulatory 
liver tropism, and activated S100P and S100A8, promot-
ing PMN formation in the liver [18]. Additionally, TDEs 
carrying ITGα6β4 and ITGα6β1 preferentially bound 
fibroblasts and epithelial cells in the lung, activating the 
Src-S100A4 axis and S100A6, S100A10, S100A11, and 
S100A13 to promote PMN development and thus guide 
tumour cells to the lung, where they created metastases, 
while the expression of ITG β3 on EVs caused TDEs to 
accumulate in the brain [18]. In addition to TDEs, CAF-
derived EVs can promote PMN development. CAFs in sal-
ivary adenoid cystic carcinoma secrete EVs carrying ITG 
α2β1, which target lung fibroblasts (LFs) and induce the 
increased expression of phosphorylated Smad3 (p-Smad3) 
and POSTN [102]. These EVs activated the AKT and 
STAT3 signalling pathways, attracting myeloid-derived 
suppressor cells (MDSCs) and forming PMNs in the lung 
[127]. In addition, other researchers have identified cer-
tain CAMs that promoted PMN formation, although they 
did not induce significant organotropism. For example, 
in ovarian cancer, sE-cad carried by EVs dimerized with 
VE-cadherin on endothelial cells, thereby triggering the 
activation of β-catenin and NF-κB signalling. This acti-
vation mechanism promoted the movement of endothe-
lial cells and disrupted the integrity of the endothelial 
barrier. Thus, this alteration affected the permeability of 
endothelial cells, leading to vascular leakage and facilitat-
ing tumour propagation [103]. Additionally, in colorectal 
cancer, ITGBL 1-enriched TDEs stimulate the TNFAIP 
3-mediated NF-κB signalling pathway to activate distal 
fibroblasts. As a result, activated fibroblasts produced 
high levels of proinflammatory cytokines to promote 
PMN formation [128].

However, the formation of PMNs is a complex phenom-
enon that requires the cooperative effects of multiple 
factors in TDEs [129], and the action of a single CAM is 
insufficient to induce this process. For example, Xie et al. 
discovered that CD44v6 in shuttled by TDEs needed 
the action of C1QBP to promote PMN formation, and 
CD44v6 alone was necessary but insufficient for the 
activation of hepatic satellite cells [130]. Ghoroghi et al. 
showed that immunoglobulin CD146 on EVs in meta-
static breast cancer enhanced the formation of pulmo-
nary PMNs, although more attention was placed on its 
guiding role [64]. In summary, in addition to focusing 
on CAM capacity to promote distinct alterations, such 
as proinflammatory genes in the TME as well as induce 
vascular leakiness, researchers cannot ignore the indi-
rect effects of CAMs, which direct TDE colonization and 
uptake to promote PMN formation.
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Other malignant biological behaviours induced by EV‑CAMs
Crosstalk among EV-CAMs and TME components medi-
ates the transmission of tumorigenic signalling, such as 
signals involved in tumour cell invasiveness, sustained 
proliferative capacity, and drug resistance.

The invasion − metastasis cascade, a multistep process 
that mediates cancer cell spread, is initiated after local 
tumour cell invasion [81]. In addition to the aforemen-
tioned EV-CAM-induced ECM remodelling, which cre-
ates a favourable environment for tumour cell invasion, 
EV-CAMs alter the activity of tumour cells to enhance 
their intrinsic invasive properties [70, 122]. For exam-
ple, EVs from highly invasive ovarian cancer cell lines 
that characteristically overexpress CD44 can repro-
gramme ovarian cancer cells with low aggressiveness 
that have engulfed EVs into cells with a more aggressive 
phenotype [88]. Moreover, EMMPRIN carried by TDEs, 
which researchers have previously found to exhibit 
MMP stimulatory properties, can increase the cell inva-
sion rate by activating the p38/MAPK signalling cas-
cade in a non-MMP-dependent manner [95]. EV-CAMs 
can influence tumour cells to become increasingly 
aggressive, as this paper has explained. Nevertheless, 
researchers must understand that tumour cell inva-
sion and metastasis cannot be accomplished by a single 
tumour cell type; in addition to the invasive capacity of 
the tumour cells themselves, tumour cell invasion and 
metastasis depend on complex signalling exchanges 
with the surrounding microenvironment, which neces-
sitates further study.

Sustained proliferation is the most fundamental prop-
erty of tumours [81]. In addition to abnormal prolifera-
tion of tumour cells caused by mutations in intracellular 
genes and disruption of feedback mechanisms, which 
promote abnormal growth [81], cells can maintain prolif-
eration-related signalling through the delivery of foreign 
EV-CAMs [105]. In prostate cancer cells, integrin αvβ3 
carried by TDEs plays a clear role in inducing the dif-
ferentiation of receptor cells into neuroendocrine PrCa 
(NEPrCa) cells; this cell subtype expresses neuron-spe-
cific proteins and can activate -tumour-promoting path-
ways independent of androgen receptor (AR) action [96]. 
TDEs have been shown to transfer CD44v6 and Tspan8 
into noncancer-initiating cells to promote pancreatic 
cancer tumorigenesis. For example, CD44v6 binds and 
activates G protein-coupled receptors (GPCRs), recep-
tor tyrosine kinases (RTKs) such as EphA4 and Met, and 
the MAPK pathway [105], and it enhances Wnt signalling 
associated with LRP6 [105, 131], which increases tumour 
cell activation signalling. Tspan8 endows receptor cells 
with resistance to apoptosis via the activation of the 
PI3K/AKT pathway [105], diminishing the attenuating 

role of apoptosis in cancer development and indirectly 
promoting tumour proliferation.

Tumour cells drug resistance poses a significant chal-
lenge, rendering traditional chemotherapy, targeted ther-
apy, and immunotherapy ineffective during treatment. 
EV-CAMs have been shown to contribute to the altera-
tion of tumour cells phenotype, leading to treatment 
resistance. Studying glioblastoma (GBM) cells treated 
with the anticancer medication temozolomide (TMZ), 
Zheng et  al. discovered that PD-L1 + EVs generated by 
glioblastoma stem cells (GSCs) may activate the AMPK/
ULK1 signaling cascade to induce protective autophagy. 
This promotes the expression of Ki67 protein and tumor 
cell proliferation, resulting in resistance of GBM to TMZ 
[91]. Additionally, there is proof that TDEs expressing 
CD44v6 promote the overexpression of an ATP-binding 
cassette drug transporter protein via PI3K/Akt pathway 
activation, endowing tumour cells with drug resistance 
[105]. In addition to encoding a phenotype for tumour 
cell drug resistance, this study showed the potential for 
CAMs to induce the acquisition of this phenotype by 
drug-sensitive cells receiving signals from drug-resistant 
tumour cells. These studies might not only explain the 
poor treatment efficacy for some tumours but also rep-
resent a future breakthrough in the fight against tumour 
cell drug resistance.

Stroma‑derived EV‑CAMs in the TME
In addition to originating from tumours and regulating 
their own malignant biological behaviour, as described 
above, EV-CAMs are also involved in the communication 
between malignant and nonmalignant compartments of 
tumours (including but not limited to CAFs, tumour-
infiltrating lymphocytes (TILs), tumour-associated 
macrophages (TAMs)), leading to the spatiotemporal 
evolution of intratumoral heterogeneity [132]. For exam-
ple, triple-negative breast cancer (TNBC) cells stimulate 
tumour growth and angiogenesis by regulating CAF gly-
colysis rates through EVs that deliver the ITGB4 protein 
to the CAFs [100]; in contrast, ITG α5β1-enriched EVs 
from CAFs maintain the survival of pancreatic cancer 
cells cells in a state of nutrient deprivation by activating 
the NetG 1/NGL-1 axis [101]. Similarly, EVs carrying 
PD-L1 induced M2 polarization in macrophages [133], 
and EVs from M2-like macrophages could also activated 
the FAK/p-FAK signalling pathway by delivering ITG 
αVβ3 to promote the progression of non-small cell lung 
cancer [97]. Nonmalignant compartments also interact 
with each other through EV-CAM-mediated communi-
cation (for example, EVs from MDSCs carrying PD-L1 
effectively suppressed the immune response of CD8+ T 
cells [92]), but studies of this phenomenon are rare.
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The roles of EV‑CAMs in tumour diagnosis and therapy
EV‑CAMs as diagnostic biomarkers
Early tumour detection is vital for prolonging patient 
survival, but traditional imaging results and analysis of 
surgical tissue biopsy samples cannot provide a compre-
hensive, accurate, or timely picture of the overall status of 
tumours [134–136]. In recent years, as our understand-
ing of precision medicine has increased, liquid biopsy 
has emerged as a noninvasive, repeatable, and real-time 
approach for acquiring tumour specimen for analysis and 
identification [137–140]. EVs, in particular, are consid-
ered ideal biomarkers for determining tumour dynamics, 
as they transport biological cargos from cells of different 
tumour origins and are linked to malignant cell behav-
iour. Pertinent clinical studies based on liquid biopsy 
samples are underway globally [136]. Some EV-CAMs 
are thought to be useful for predicting tumour develop-
ment and prognosis since they are specifically expressed 
in patients with distinct malignancies. For instance, indi-
viduals with head and neck squamous cell carcinoma and 
whose cells produce CD44v3+ EVs tend to present with 
higher amounts of immunosuppressive proteins. Addi-
tionally, higher tumour activity, more advanced disease 
stage, and lymph node metastasis are linked to CD44v3+ 
EVs [141]. Another study of EV-CAMs showed that the 
ITG α6A splice variant in EVs can be used for monitoring 
early recurrence in patients with pancreatic ductal ade-
nocarcinoma [142]. Additionally, PD-L1 carried by EVs 
is thought to act as a biomarker for a number of tumour 
types, showing the capacity to be used to predict disease 
activity and tumour development and evaluate responses 
to immunotherapy [143–145]. These CAMs are trans-
ported by EVs and can be utilized as potential tumour 
markers; regrettably, most of the research in this field is 
currently restricted to the laboratory, and validation via 
large clinical trials is lacking.

Engineered EV‑CAMs as tumour therapy tools
Due to low in  vivo stability, delivery inaccuracy, and 
limited capacity to cross biological barriers and enter 
the circulatory system, chemotherapeutic drugs used in 
conventional oncology treatment need to be replaced 
with new drugs and drug delivery systems, which have 
has recently garnered the attention of many researchers 
[146]. The ability to deliver pharmaceuticals to desig-
nated sites safely, accurately, and effectively is the hall-
mark of an ideal drug delivery system, as such a system 
increases the effectiveness of drug utilization while low-
ering costs and dangerous side effects [146, 147]. Recent 
research has shown that due to their excellent safety pro-
file and natural targeting abilities, EVs are regarded as 
novel drug delivery tools with significant translational 
potential [148]. However, EVs are thought to be cleared 

quickly via phagocytosis by macrophages in organs such 
as the liver and spleen, resulting in a half-life of only 
a few minutes to one-half hour in plasma [149–152], 
which may affect their stability as drug carriers. Modi-
fying therapeutic EVs to increase their circulation times 
may increase the time for them to reach target tissues, 
increase the amount of drug transferred, and ultimately 
increase their therapeutic efficacy. Several cell surface 
CAMs, such as CD44 and PECAM-1, have been identi-
fied with antiphagocytic functions against macrophages, 
have also been considered candidates for modifying EVs 
and thus increase their circulation half-life [153]. In addi-
tion, changing the biodistribution of EVs is an important 
strategy to ensure that they act on target tissues [154]. 
As previously mentioned in this paper, the expression of 
specific CAMs carried by EVs confer EVs with the abil-
ity to target specific tissues. Engineering alterations and 
modifications based on this capacity may enable the drug 
delivery function of EVs [155]. In this section, we review 
how modified EV-CAMs are engineered and used for tar-
geted tumour therapy.

Li et  al. used Doxil-loaded TDEs to target tumours 
at the tissue of origin. They discovered that TDEs were 
more suitable to be carriers for antitumour drug deliv-
ery than other types of EVs because they were more 
likely to return to the original tumour tissue following 
systemic injection, perhaps due to the expression of cer-
tain integrins on the TDEs [156]. This result suggested a 
new approach for creating therapeutic vectors that are 
specifically targeted to sites of tumorigenesis. Based on 
EVs obtained from the urine of prostate cancer patients 
who expressed the urological cancer antigens E-cadherin 
and CD47, Pan et al. created a therapeutic nanoplatform 
packed with Fe3O4 and the chemotherapy drug doxoru-
bicin (DOX). They were able to enhance the enrichment 
and uptake efficiency of nanocarriers at tumour sites 
by taking advantage of the low uptake of CD47 by mac-
rophages and the homologous targeting ability between 
EVs and tumour cells. This strategy resulted in significant 
cytotoxic effects that inhibited the EGFR/AKT/NF-κB/
IkB signalling pathway, which suppressed tumour prolif-
eration. Additionally, compared to free DOX used dur-
ing the trial, the researchers discovered that the TDE 
method of drug delivery minimized the harmful effects of 
the drug on the heart [157]. Cheng et al. piggybacked on 
this research to generate phase-fused synthetic nanovesi-
cles carrying photothermal agents and immune adju-
vants, which were formed by fusing TDEs carrying an 
abundance of CD47 with thermosensitive liposomes. By 
competing with CD47 on the tumour cell surface for the 
binding of CD47/SIRP on phagocytes, the nanovesicles 
overexpressing CD47 increased the phagocytosis rate of 
tumour cells by macrophages. In addition, nanovesicles 
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that accumulated in tumour tissues played a role in 
immunogenic cell death via the in vitro action of the pho-
tothermal laser [158]. The dangerous side effects of chem-
otherapy medications have been decreased as a result of 
the development of EV-CAM-targeted drug delivery. 
Moreover, EV-CAMs show a wide range of applications 
since low-dose chemotherapy is possible because of their 
high absorption characteristics. However, many TDEs 
can promote tumour progression, counteracting the 
original aim of TDE drug delivery. EVs originating from 
specific cells types, including mesenchymal stem cell-
derived EVs (e.g., NCT03608631), which are employed 
as substitutes for traditional drug delivery systems, share 
this issue [159]. In addition, CAMs are not the only fac-
tors involved in the biological activities induced by EVs; 
other components, such as other cytokines, ncRNAs, 
and lipids carried by EVs, play important functions [34]. 
Therefore, characterizing the contents of EVs and ensur-
ing that they do not cause any undesirable inflammatory 
and cell-proliferative effects is of great importance [157]. 
In addition to laboratory trials, long-term clinical trials 
are needed to identify any adverse effects of EVs as thera-
peutic vehicles.

Oncology therapy and drug delivery involving engi-
neered EV-CAMs have attracted much attention. How-
ever, a number of issues need to be addressed before 
their clinical application. The first issue that needs to be 
addressed involves increased large-scale production of 
EVs. Although the traditional differential ultracentrifu-
gation separation method is inexpensive, it produces 
few EVs, and the EVs that are produced carry a risk of 
contamination with impurities [160]. Although density 
gradient ultracentrifugation separation can be used to 
obtain EVs with a high degree of purity, the procedure 
is laborious and time-consuming [161]. Other meth-
ods for producing large quantities of EVs, such as size 
exclusion chromatography [162], ultrafiltration [163], 
and immunoaffinity capture [164], also have drawbacks 
that need to be resolved. These drawbacks include the 
length of production time and expense, as well as the 
lack of guaranteed purity [161, 165, 166]). In conclusion, 
every method of separating EVs currently in use shows 
some disadvantages, and for research and development 
is needed to establish a method that is effective, afford-
able, and for which production quality can be controlled. 
The second challenge is the complex conditions needed 
to store EVs, as close attention is needed to ensure their 
stability during isolation, drug delivery, transporta-
tion and clinical application [167]. Further improve-
ments are required because current storage conditions 
do not enable EV morphological or bioactivity mainte-
nance for an extended period [168]. The third challenge 
involves the complex makeup of EVs. Since some EVs are 

immunogenic and pathogenic [169], it is important to 
fully evaluate their effects such as their potential toxic-
ity and side effects and investigate their pharmacological 
and toxicological characteristics to create safe and useful 
engineered EVs.

EV‑CAMs increase antitumour immunity
In addition to engineered EV-CAMs used for drug deliv-
ery, EV-CAMs have been evaluated in clinical trials 
with promising results because they induce antitumour 
immunity, palliating tumour growth, because of their 
immunomodulatory properties. The results of a clinical 
experiment with metastatic melanoma patients revealed 
that some patients exhibited expansion and recruitment 
of T cells in the tumour area as well as tumour regression 
after treatment with dendritic cell-derived extracellular 
vesicles (DEVs) loaded with MHC-II molecules [170]. A 
different clinical experiment with patients of non-small 
cell lung cancer demonstrated that MHC II levels on 
IFN-γ-DEV correlated with the activation of NK cells and 
prolonged progression-free survival [171]. With addi-
tional designs and further modification, DEV-induced 
immunity will be increased, enhancing its potential to be 
developed into an antitumour vaccine.

Conclusions
CAMs can be loaded onto and released through EVs, 
which are crucial mediators of communication between 
tumour cells and tumour cells as well as between non-
tumour cells and tumour cells. By promoting pro-onco-
genic effects (reprogramming of the TME and tumour 
cells) and impeding a body’s defence against tumours 
(suppressing immunological destruction), CAM + EVs 
contribute to a TME that supports tumour development 
and proliferation. However, recent studies on the mech-
anisms underlying CAMs transport by EVs and their 
effects on tumours do not fully describe the full range 
of roles performed by EV-CAMs. However, we can still 
make some inferences based on the data thus far.

1. Since different organs and tissues express distinct 
ligands, differences in the types of CAMs transported 
by EVs from various cells of origin, EV in vivo distri-
bution can be controlled by leveraging their preferen-
tially targeted sites.
2. CAMs can not only facilitate the internalization of 
EVs to transmit information to receptor cells but also 
can facility communication between EVs and other 
cells by direct contact of CAMs on vesicle membrane 
with ligands on the plasma membrane.
3. EV-CAMs are extensively involved in the dynamic 
changes of the TME during tumour progression. 
They promote immunosuppressive functions of the 
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TME and support tumour growth and metastasis 
through the promotion of angiogenesis, the EMT, 
ECM remodelling, the transmission of factors that 
promote cell invasion and proliferation and PMN 
formation. However, EV-CAMs can also trigger a 
certain antitumour response because of their sig-
nificant contribution to antigen presentation and 
immune cell activation.
4. EVs can be produced as vehicles for targeted drug 
delivery based on CAMs due to their long-range 
delivery capacity, good biocompatibility, and mini-
mal immunogenicity, offering a new method for 
the targeted treatment of malignancies. Because of 
their capacity to modulate immune function, they 
can also be employed as novel tools for the develop-
ment of antitumour vaccines. EV-CAMs can also be 
used as biomarkers of liquid biopsy samples to pro-
vide clinical data for decision-making and prognostic 
assessment of tumour treatment due to their specific 
release in various cancers and stages of the disease.

The mechanism of action of EV-CAMs in tumours and 
their use in clinical diagnostics and treatment have been 
outlined in this article. However, many issues remain to 
be addressed. For example, extensive clinical trials are still 
needed to prove the validity of the therapeutic use of EV-
CAMs. Additionally, the precise and effective separation 
of EV-CAMs for clinical use is challenging due to their 
heterogeneity. Furthermore, the cargos of EVs are com-
plex, and it remains unclear whether other components 
exert regulatory effects on the CAMs carried by EVs and 
involved in cellular physiological processes. Fortunately, 
some assays performed for physical characterization 
(including nanoparticle tracking analysis, transmission 
electron microscopy, dynamic light scattering, tuneable 
resistive pulse sensing, etc.) and protein analyses (includ-
ing western blotting, ELISA, mass spectrometry, small 
particle flow cytometry, etc.) in the field of EVs are being 
used [172]. These techniques provide opportunities for 
researchers to gain a better understanding of the mech-
anisms of action of EV-CAMs in tumours and improve 
strategies for cancer treatment development.
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